
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 142 715 

A2 



EUROPEAN PATENT APPLICATION 



-?S> Application number: 84112530.5 
© Dateoffiling: 17.10.84 



© Int. CI. 4 : F 24 D 1/00 

B 05 B 7/06, F 23 M 5/00 
C 04 B 28/34 
//(C04B28/34, 14:38) 



© Priority: 17.10.83 US 542272 
12.10.84 US 660190 
12.10.84 US 660206 
12.10.84 US 660207 


© Applicant: MAN VILLE SERVICE CORPORATION 
12999 Deer Creek Canyon Road P.O. Box 5723 
Denver Colorado 80217(US) 


© Date of publication of application: 
29.05.85 Bulletin 85/22 


@ Inventor: Smith, William Hahn 
163 Orchard Drive 
McMurray Pennsylvania 15317(US) 


© Designated Contractinq States: 

AT BE CH DE FR GB IT LI LU NL SE 


© Representative: Grattinger, Gunter 
Wittelsbacher Strasse 5 Postfach 16 49 
D-8130 Starnberg(DE) 



© A method and apparatus for directing a stream ot bulk 
fibers wh.le simultaneously spraying an inorganic tempera- 
ture resistant tacky binder material into the stream of fibers. A 
layer of high temperature insulating fibers may thus be 
formed. The binder may be a phosphate tackifying agent 
mixture or a colloidal suspension of materials with thetackify- 
•ng agent. The tackifying agent is preferably montmorillonite 
ciay. 
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INSULATION SYSTEM 
Background of the Invention 
Field of the Invention 
The invention relates to a method for applying a layer of 
5 fibers coated with a tacky inorganic binder onto a surface. More 
particularly, the invention is a method for spraying a layer of 
refractory fibers coated with a high temperature inorganic binder 
including a montmorillonite clay. By way of further 
characterization, but not by way of limitation thereto. the 
10 invention is a method and apparatus for spraying refractory fibers 
coated with a novel binder including a montmorillonite clay onto a 
surface and curing the coated fibers. 

Description cf the Prior Art 
In the past, high temperature resistant fibrous material 
15 has been applied to heated surfaces, such as heat treating furnaces 
and kilns, by attaching batts or strips containing such fibers to 
the heated surface. This method requires mechanical anchoring or 
fastening means to attach the strips to the heated surface. Such 
mechanical attachment is expensive in that it requires large amounts 
20 of labor and fastening materials to attach the strips- In addition, 
because this method is time consuming, it requires the furnace or 
kiln to be out of service for extended periods of time. Finally, 
gaps between adjoining strips may occur either during the attachment 
process or later due to thermal shrinkage which allows heat leakage 
25 between the layers cf fiber. 

Improvements to this method of attaching refractory fiber 
linings to the wall of kilns and furnaces have been made such as is 
described in TJ. S. Patent No. 4,381,634- This method involving the 
mechanical attachment of modules, overcomes many of the problems 
30 associated with layered linings especially the opening of gaps 
between the edges of layers cue tc heat shrinkage at elevated 
temperatures. However, like the above method, the use of modules 
requires mechanical attachment to the metal shells of furnaces which 
again require considerable cost in labor. The use of modules has 
35 also been found to be of value in relining old dense refractory 
linings such as refractory brick. In this case the folded or 
pleated modules are glued to the eld monolithic or brick lining by 
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use of a refractory mortar or glue which is generally of the 
hydraulic settins nature. This method of relining of kilns is labor 
intensive requiring the application of rocrtar to the brick work and 
then quickly applying the folded modules thereon. This method 
5 requires that time be given for the setting of the hydraulic mortar 
before the newly lined kiln can be fired. 

All the above methods have one feature in common which is 
that they present an unbonded refractory fiber lining to the 
interior of the kiln. As time goes by these fibers devitrify 
10 (crystallize) and in so doing lose some of their mechanical strength 
making them more susceptible to mechanical abrasion and destruction 
due to high velocity gases from the heating mechanisms of the kilns. 

High temperature resistant binder powders have been mixed 
with water and sprayed with refractory fibers. Such methods 
15 typically employ calcium alumina cements which are very alkaline and 
will settle when in suspension. It is also difficult to achieve 
homogenous mixing of fiber and binder with such a system. A 
hydraulic bond must be achieved prior to drying of the . cement 
otherwise bonding of the fibers will not occur. In addition, 
20 careful drying of the sprayed mixture must be undertaken in order to 
prevent violent spalliug. 

Other methods for spraying insulation have been employed in 
the past utilizing organic binders. For example, U.S. patent 
2,929,436 issued on March 22, 1560 discloses a method and apparatus 
for spraying a mixture of fibers and resin material. As indicative 
of prior methods of application, this patent discloses mixing fiber 
and resin in a nozzle and spraying the mixture onto a surface. 
However, while suited for its intended purpose, such method and 
apparatus, if used in the spraying of refractory fiber with a tacky 
inorganic binder, would cause clogging of the nczzls. In addition, 
incomplete coating of the refractory fibers could cause a weakened 
layer of fibers which in turn could cause failure of the insulating 
layer at high temperatures. Because of the temperatures to which 
refractory fibers are subjected, often 2,000*F or more, such 
failures could be dangerous to workers in such industries as the 
steel industry and could cause extensive damage to furnaces and 
kilns. Thus, the intimate admixture cf refractory fiber and the 
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tacky inorganic binder to form a monolithic layer is important to 
the safe and efficient operation of such furnaces and kilns. 

Prior art binders for bonding refractory fibers have 
included a variety of compounds including colloidal silica and 
5 phosphoric acid (actually p 2 °5 w ^i c ^ raa y De derived from 
H^PO^ under appropriate temperature conditions). While these 
binder systems are useful in certain applications, they are not 
without relative disadvantages. For example, prior art phosphoric 
acid binders do not adhere well to refractory fibers. Binders 
10 including colloidal silica are subject to irreversible precipitation 
of the silica if the binder has been subjected to freezing 
temperatures. 

A very serious disadvantage with prior art binder systems 
is binder migration. That is, as the binders are cured, the binder 

15 migrates to the surface of the material producing a material with a 
very soft interior. This causes serious integrity problems with the 
resulting material. The material is thus not suitable for use in 
applications requiring a monolithic structure. In addition, prior 
binder systems employing colloidal suspensions such as colloidal 

20 silica or alumina must be cured very carefully. That is, because of 
binder migration, the colloidal sol must be allowed to gel prior to 
curing- Failure to do so results in migration of the binder 
particles from the interior to the surface of the insulation layer. 
In addition, prior art binders must be sprayed onto a cool surface 

25 thus necessitating relatively long cooling periods before a furnace 
can be insulated. 

Another disadvantage of prior art binders has been that they are 
not nearly as temperature resistant as the refractory fibers 
themselves. Thus, high temperature applications of the fiber-binder 

30 mix are limited by the properties of the binder rather than the 
fiber. For example, an insulation product made from refractory 
fibers which are themselves temperature resistant up to 2600°F may 
only be applied in temperature environments up to 2000°F if the 
binder used in that product is only effective up to 2000*F. Any 

35 reaction of the binder and fiber which tends to flux the fiber 
composition causes increased fiber shrinkage. Thus, the use 
temperature of the fiber - binder system is limited to a temperature 
less than the use temperature of the fibers alone. 
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Other practical problems encountered with the use of prior 
binder systems is that they are expensive, there may be sa f ety aad 
environmental problems in their applications, they may lack good 
suspension properties, and finally, as with prior phosphoric acid 
5 binders, the binders do not possess the tackiness or adhesiveness 
properties which are desirable in many applications. In 
applications where it is desirable to spray the refractory fiber 
onto a surface such as a furnace wall, it is essential that the 
binder be sufficiently tacky to cause the fibers to adhere to one 
10 another and to the surface. 

Summary of the Invention 
The invention is a method for applying a layer of fiber to 
a surface while simultaneously coating the fiber with a tacky 
inorganic binder. The layer of binder coated fiber is cured such 
that the layer becomes monolithic. The fibers are coated with the 
binder as they are directed from the spray gun and the coated fibers 
are caused to stick to each other and to the surface toward which 
they have been directed. Once the fibers have been bonded to the 
surface, they may be compressed by means such as tamping in order to 
alter the density of the layer. The layer is cured such that all of 
the aoisture is driven out of the layer. .Preferably, the layer is 
subjected to a temperature of at least 35CT for a few hours in 
order to cure the binder and fiber. However, the layer can be 
immediately exposed to temperatures as high as 1000°F without damage. 
25 The Present invention combines an inorganic binder matrix 

with temperature resistant clays. The tacky nature of the binder 
renders it suitable for a wide variety of applications. The 
resulting binder of the present invention is temperature resistant 
to at least 3000«F which allows its use with high temperature 
30 refractory fibers. As used herein, refractory fibers ara defined as 
inorganic amorphous or crystalline fibers which are not adversely 
affected by temperatures in excess of 1500»J\ An example of such 
fibers is alumina-silica fibers. However, as is known in the an, 
fibers including zirconia, chromium, calcium, magnesium and the like 
35 may be utilized. The binder disclosed herein could also be employed 
with metal oxides to provide an insulating layer of such material. 
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In addition, the binder system of the present invention greatly 
reduces or eliminates binder migration which occurs in prior art 
binders . 

The binder includes a tackifying agent in combination with 
5 a phosphate binder matrix such as aluminum phosphate. The preferred 
tackifying agents are temperature resistant clays such as 
montmorilloni te clays. The most preferred clay is western bentonite 
clay. A fluxing agent may also be added to the binder in small 
quantities to increase the strength cf the binder to fiber bonds at 

10 elevated temperatures. Chromium oxide may also be added to the 
binder to improve the stability of the binder to fiber bonds at 
elevated temperatures. In addition, chromium oxide adds color to 
the binder which may be advantageous in the coating process. 

In addition to phosphate compounds, colloidal suspensions 

15 such as colloidal silica, colloidal alumina, and colloidal zirconia 
may be combined with the tackifying agents disclosed herein to 
produce a suitable binder. Vhen the disclosed tackifying agents are 
combined with these colloidal suspensions the severe binder 
migration problems associated with colloidal binders such as 

20 colloidal silica are overcome. The addition of the tackifying 
agent imparts good suspension characteristics to the binder. 
Additionally, the preferred binder of the present invention may be 
sprayed directly onto hot surfaces thus eliminating long delays in 

25 insulating furnaces requiring complete cocl down. Finally, the 
novel binder claimed herein reduces shrinkage of the coated fibers 
thus improving their refractory characteristics. Because shrinkage 
is minimized, failure of the insulation layer due to cracks in the 

30 layer is reduced.- Prior art binders, especially colloidal silica 
binders without the tackifying agent disclosed herein required 
gelling of the colloidal silica. Otherwise, serious binder 
migration to the surface of the insulation layer would occur. 

35 Brief Description cf the Drawings 

Fig. 1 is an illustration of the binder coated fiber being 
applied to a furnace; 
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Fig. 2 is an enlarged perspective view of a novel spray gun 
for carrying out the method of the present invention; 

Fig. 3 is a vertical cross-sectional view taken along line 
3-3 of Fig.. 2; 

Fig. k is an elevational view of the novel spray gun; 

Fig. 5 is a front perspective view of an alternate 
embodiment cf the spray gun providing a circular fiber path; and 

Fig. 6 is a side sectional view of a preferred spray gun 
for carrying out the method of the invention. 

Description of the Preferred Embodiment 

Referring to Fig. 1, an operator 11, dressed in suitable 
protective clothing 12 including an enclosed breathing apparatus 13, 
is shown holding a spraying apparatus generally designated as 14 
from which a stream 15 of binder coated refractory fiber is being 
directed onto f urn ace wall 16. As used herein, refractory fibers 
are defined as inorganic, amorphous, or crystalline fibers which are 
not adversely affected by temperatures in excess of 15C0°F. 
Examples of such fibers are alumina-silica-zirconia fibers, alumina 
silica fibers and other refractory fibers as are known in the art- 
Preferably the fiber is blown by air pressure from a suitable 
compressing apparatus (not shown). Furnace wall 16 is a bare metal 
wall of furnace 11. Similarly, ceiling 17 is a bare metal wall of 
furnace 11 onto which stream 15 may be directed. A previously fired 
or new refractory brick wall 18 of furnace 11 may also be coated 
with the layer of binder coated fiber. Similarly, a wall 19 which 
has been previously covered with refractory fiber modules as is 
known to one skilled in the art may also be coated utilising the 
method of the present invention. A second operator, generally 
designated 21, also in protective clothing and breathing apparatus, 
is shown with a compressing apparatus 22 which may be used for 
tamping the layer of binder coated fiber so as to alter the density 
of the layer deposited by the method cf the present invention. 

Referring to Fig. 2, spray gun 14 is shewn in more detail. 
Hore specifically, the refractory fiber stream 24 is directed 
through conduit 23 so as to emerge from an annular oath defined by a 
deflector body 25 and a manifold 26. Deflector body 25 is 
preferably cone shaped and is supported in a manifold 26 bj one or 
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mare vanes 27 as illustrated in Fig. 3. Deflector body 25 deflects 
the flow of bulk fibers so as to assume an annular path in an oval 
or circular configuration depending upon the shape of deflector 25 
and manifold 26. Thus a thin ribbon flow of fibers exits in an 
annular path to be coated on both sides as explained below. 

The binder solution is fed through a binder feed line 27 
and binder valve 28 into an external nozzle manifold 26 which feeds 
a plurality of spaced nozzles 31 surrounding the outside 37 of the 
annular fiber stream 24. Nozzles 31 are directed inwardly so as to 
spray the liquid binder solution onto the outer fibers 37 as they 
emanate from spray gun 14. Likewise, a ring of internal nozzles 32 
are provided on deflector 25 so as to spray binder into the inner 
surface 30 of fiber stream 24. Binder is fed under pressure to 
nozzles 31 through binder feed line 28, valve 29 and manifold 26. 
Binder is fed under pressure to nozzles 32 through line 28, valve 29 
and deflector 25. The fibers are uniformly wetted by the binder 
from two sides as they are being blown from the gun 14. Thus, the 
fibers are uniformly coated with liquid binder solution before 
reaching the surface to be coated. 

Referring to Fig. 4, a side elevational view of spray gun 
14 is shown as connected to flexible tubing 33. Flexible tubing 33 
allows the fiber to be fed therethrough to conduit 23 in the spray 
gun 14 from a remote location thereby allowing the operator freedom 
to move about the area to be sprayed. Similarly, binder is fed to 
gun 14 through flexible line 28. 

Referring to Fig. 5. a perspective view of an alternate 
embodiment of the spray gun is shown in which the deflector 25 and 
manifold 26 are circular such that annular oath 24 of fibers being 
blown from the spray gun 14 is circular. 

Referring to Fig. 6, a side sectional view of a preferred 
embodiment of a novel spray gun is shown. In this spray gun, no 
deflector is used to alter the path of fiber stream 24. Rather a 
nozzle 36 connected to, and supported by, a feed line 35 located in 
the approximate center of the path of fiber stream 24. Thus while 
nozzles 31 spray binder into the outer portions 37 of fiber stream 
24, nozzle 36 ensures that the fibers in the center of fiber stream 
26 ars coated with binder. Nozzle 36 sprays binder in a conical 
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path as shown in order that the fibers be completely coated. it 
should be expressly understood that, while one nozzle 36 is 
disclosed, it is within the full intended scope of the invention 
that more than one nozzle 36 may be located in fiber stream 24. 

Thus, the combination of nozzles 31 and 32 serve to 
uniformly coat the fibers in moving stream of fibers 36. As such, 
all of the fibers are coated with the tacky inorganic binder. This 
is especially important where the binder is extremely tacky and thus 
is difficult to spray into a moving stream of material to any 
depth. Because the fiber and binder are being used in a high 
temperature environment it is essential that the fibers be coated 
uniformly in order that the layer formed by the coated fibers be of 
sufficient integrity to produce a monolithic layer on a furnace 
wall. Because of the heat to which the layer is subjected 
incomplete coating of the fibers would result in premature failure 
of the lining. 

In practice, the method is best carried out by adding water 
to the tacky high temperature inorganic binder concentrate in a 
large drum located at the site of the surface to be sprayed. Bulk, 
high temperature resistant fibers such as alumina-silica-zirconia 
fibers are placed in a hopper and may be shredded if needed to allow 
blowing thereof through spray gun 14. The liquid binder concentrate 
is mixed with water in the drum preferably in approximately the 
ratio of, by volume, 4.5 parts water to 1 part binder concentrate. 
It should be expressly understood that the dilution ratio depends 
upon binder concentration and specific applications. Spraying the 
diluted binder directly onto the surface to be coated imrpoves the 
bond of the fiber binder layer to the surface. The diluted binder 
is constantly stirred in the drum as it is fed to the spray gun in 
order to ensure a homogenous mixture of diluted binder. Referring 
to Fig. 6 , the diluted binder solution is fed through binder feed 
line 28 into the external nozzle manifold 26 which feeds nozzles 
31. Binder is supplied to nozzle 36 through line 35. Nozzles 31 and 
36 spray binder into fiber stream 24. A ratio of about 1.75 lbs. 
fiber to about 1 lb. liquid binder is preferred. As with binder 
dilution, this ratio may be varied according to specific binder 
dilutions and application. . 
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The method of the present invention ensures uniform coating 
of the fibers while in transit to the surface to be sprayed such 
that the fibers will adhere to each other as well as to the surface 
*nd form layers of wetted fibers which may be built up to the 
j desired thickness. In practice, thicknesses of up to 14 inches of 
wetted fiber have been achieved. Spray gun 14 may be located 
between about two to four feet or more from the surface as desired. 
The sprayed binder solution may converge along the azis of the 
sprayed fibers, either before reaching the surface or, in some 
10 cases, the point of convergence may not occur at ail before reaching 
the surface but may be at an imaginary point beyond the surface to 
be sprayed. The bulk fiber may be blown by a suitable blowing 
apparatus (not shown) , preferably at a rate of up to about 200 cubic 
feet of air per minute through the fiber feed line 23. 
!5 While water is the preferred diluent because of its 

availability and cost, other suitable inert diluents such as alcohol 
or ethers may be used. Cnce the coated fibers have been applied to 
the surface as in Fig. 1, the layer of binder coated fibers may be 
tamped as by the second operator 21 in Fig. 1- Operator 21 is shown 
20 utilizins a compressing trowel 22 in order to pack the coated fibers 
to the desired density. Once the fibers have been applied to the 
surface to the desired density, the binder is cured, by raising the 
temperature of the furnace to at least 350°F and preferably to about 
450*? or more. While this is the preferred step for curing the 
25 fibers, any curing method which drives off the water or other 
diluent and all moisture from the coated fiber layer may be utilized 
with the method of the present invention. 

As shown in Fig. 1, the method of the present invention may 
be used to apply binder coated fiber to a variety of surfaces. 
30 While the stream of binder coated fiber may be applied directly to 
the surfaces without support, it may be desirable in some instances 
to provide additional support for the fiber layer. That is, for 
example, expanded meral lathe could be attached to ceiling 17 of 
furnace 11 in order to provide additional support for the binder 
35 coatee fiber layer. Any other supporting structure as is known in 
the art may also be utilized. Additionally, it should be noted that 
the binder coated fiber is preferably applied to a surface which has 
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been properly prepared. That is, in the case of refractory brick cr 
other monolithic dense refractory such as shown on wall 18, such 
brick should be sand-blasted or otherwise prepared to remove loose 
or flaky material from the surface to be coated. If the binder 
5 coated fiber is to be applied to a metal surface as in 17 or wall 16 
in Fig, 1, a asphaltum or other protective coating may be desired in 
some cases. Where the method is to be used to apply binder coated 
fiber to a wall of existing refractory fiber as in wall 19 of Fig. 
1, it is desirable to again remove all loose or flaking surfaces 

10 from the surface to be coated. The binder coated fibers may also be 
applied over an existing layer of previously sprayed binder coated 
fibers or fibrous formed shapes. That is, should a portion of the 
previous layer be knocked off due to mechanical or other contact 
with the surface, a new layer of binder coated fibers may be applied 

15 over the damaged area. In many situations it is desirable to spray 
a coating of binder onto the fiber-binder layer after the layer has 
been applied to the surface. 

It- can readily be seen that this method of applying 
refractory fiber linings overcomes many of the shortcomings 

20 previously described. This method, for instance, does not require 
the application of a mortar to old brick work or refractory linings 
in order to apply fibers in modular form as in prior art methods. 
The binder supplies the adhering mechanism as the new layer is being 
applied which results in reduced labor costs. Nor does the present 

25 method require any particular waiting period for the mortar to form 
hydraulic bonds and then slowly dry out prior to firing. It can 
also be seen that the present method eliminates one of the basic 
shortcomings in prior attachment methods which required the exposed 
refractory fiber layer to be coated with a bonding material after 

30 the layers cr modules were installed to impart abrasion resistance. 

The present method ensures that all fibers throughout the layer are 
well bonded to one another forming an inherently superior monolithic 
lining. 

The surface of the lining applied with the present method 
35 is far less affected by mechanical or gas velocity abrasion. To 
support this statement the following experiment was conducted: a 
layer approximately 2 inches thick of 2600°? refractory fiber 

-10- 
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.'.nville CEEACHROKE) was sprayed according to the present method 
onto an 13" x 9" free standing refractory brick wall. This wall was 
placed directly in front of an air natural gas burner port of a 
furnace so that the surface of the sprayed lining was at 90*F to the 
flame at a distance of 24" from the burner. Upon repeated firing to 
temperatures of 2200'F, 2400'F, and 2600'F, there was no damage to 
the sprayed layer from this extreme condition of temperature and gas 

stream velocity. 

A novel method has been disclosed for applying refractory 
10 or other fiber which has been coated with a binder to a surface. 
Because the method ensures bonding together of the high temperature 
resistant fibers and their adherence to a surface, thick layers of 
heat insulating fibers may be applied very quickly. Because the 
application of the insulation is done in a very small fraction of 
15 the time normally required by present methods, the cost or the 
installation as well as the down time of the furnace or other device 
to be insulated are substantially reduced. Finally, the method 
disclosed herein allows immediate heating of the fiber layer thereby 
allowing the furnace or other device to be put into service almost 
20 immediately after spraying. In fact, with the use of remote 
controlled devices such as robots or an air on water cooled lance, 
the binder fiber layer could be applied to a furnace which is at 
operating temperature. This would be useful to repair furnaces 
while still in operation. 
25 in accordance with the present invention, an excellent 

binder system has been discovered which preferably comprises 
chromium aluminum phosphate and a suitable tackifying agent. The 
chromium aluminum phosphate compound preferred in the present 
invention may be characterized by the following generalized 
30 formula: J.1,0.. .3? : 0 5 . xCr^ wherein x ranges from about 
0.1 to 10. 

The term "tackifying agent", as used with respect to the 
present invention, is meant to define those substances which impart 
tackiness or adhesive properties to the binder system of the present 
25 invention. Generally, such tackifying agents will be inorganic in 
nature. High temperature resistant clays, especially 

mcntmori lloni te clays (preferably the western bentonite variety) 

-11- 
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have been found to be useful in the present invention. Sodium and 
calcium based clays such as southern bentonite may also be usee as a 
tackifying agent. Whatever tAckifying agent is used should, of 
course, be compatible with the overall binder system and its 
intended use with regard to both chemical and physical properties. 
It is espacially important that the tackifier, in the quantity used, 
not produce fluxing of the binder-fiber system at elevated 
temperatures . 

While the inventive binder system may be mads according to 
any suitable method known to those skilled in the art, the superior 
binder system of the present invention is preferably made according 
to the generalized process described herein below. 

A mixture of phosphoric acid solution, an appropriate 
fluxing agent such as boric acid, and bentonite clay are stirred 
together and then heated to a temperature (typically 100°F) 
sufficient for the ingredients to react with one another. Although 
varying concentrations of phosphoric acid may be used, in the 
present invention a 75?. or higher phosphoric acid solution is 
preferred. As . used herein, the term appropriate fluxing agent is 
meant to include those substances which will impart added strength 
to the inventive binder system by improving glassy bonding at 
elevated temperatures. While boric acid is a preferred fluxing 
agent, other inorganic metal salts such as sodium carbonate, 
magnesium chloride, magnesium nitrate, calcium carbonate, cobalt 
oxide, and others may be employed. 

After heating to approximately 100T the above reaction 

mixture is combined with a hydrated alumina. The preferred alumina 

is a hydrated alumina such as that currently marketed by ALCOA under 

the trademark C-31. The mixture is then heated to a temperature of 

approximately 1SCTF at which time chromic oxide (Cr„0„; is 

2. 3 

added. The preferred chromic oxide has a specific gravity of 5.1 
and is added in a percent, by weight, of 1.26T. of the total mixture 
weight. At this point the reaction becomes exothermic, the 
temperature rises to approximately 23S'F, the volume of the mixture 
approximately doubles, and the reaction is complete. The solution 
is allowed to cool and an inert carrier such as water is added to 
adjust the specific gravity of the binder to 1.70 at room 
temperature. 
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The above ingredients are used in the present invention at 
the following general, preferred, and most preferred weight 
percentage levels based upon the total weight of the binder. 



TABI-S 



Ingredient 



General 



Preferred 



Host 
Preferred 



Phosphoric Acid 
Solution 



50-90 



75-S5 



Fluxing Agent 



0-5 



2-4 



2.37 



Tackif ying 
Agent 



1-3 



1-5 



2.87 



Hydrated Alumina 



5-30 



10-20 



14,2 



Chromium Compound 0.5-5 



1-2 



1.26 



While chromic oxide Cr 2 0 3 has been disclosed, other 
suitable chromium compounds include solutions of chromic acid 
<H 2 CrO, ( ), and chromium salt solutions such as magnesium 
chromate, which can be converted under appropriate temperature 

conditions tc chromia ^ 2 °2 i * may be added * 

Similarly, while alumina has been disclosed as the 
preferred metal oxide to be reacted with the phosphoric acid 
solution, magnesium oxide or other suitable metal oxides may be 
reacted with the phosphoric acid solution without departing from the 
scope of the invention. 

An alternate binder formulation includes colloidal silica 
combined with a tacfcifying agent. Preferably NALC0 1115 Colloidal 
Silica of the 4 millimicron sice Sol containing 15?. solids is used. 
Approximately forty pounds (40 lbs) of this colloidal silica was 
mixed with 1.25 pounds of western bentonitc to form a tacky binder. 
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The addition of a montmorilloni te clay such as western 
bentonite to the binder matrix has been found to produce a tacky 
binder which adheres tc virtually any surface. While Western 
Bentonite is preferred, any of the clays selected from the 
Kontmorillonite types of clay minerals have been found to be 
suitable tackifying agents. 

The binder of the present invention may be advantageously 
employed with refactory fibers in a spray-on process. That is, 
refractory fibers may be directed from a spray gun while at the same 
time being coated with the binder of the present invention. Such 
application of refractory fiber and binder has been found to raise 
the operating temperature . of the refractory fibers above their 
normal rated temperature. For application of refractory fiber to a 
surface such as a furnace wall, the binder is diluted, preferably 
with water, in a A. 5 to 1 water to binder ratio by volume. This 
ratio may range from 2 to 1 to 15 to 1 by volume. The diluted 
binder is preferably stirred in the dilution container to ensure a 
homogenous mixture during the spraying process. The diluted binder 
may be sprayed with the fiber onto a surface in a ratio which 
depends upon binder dilution. For the preferred chromium aluminum 
phosphate binder disclosed abeve, a ratio of 1.75 lbs. of fiber to 
1.0 lb. binder is preferred. 

Examples of different binder formulations and 
concentrations are listed below: 

Binder #1 was a mixture of NALCO AG 1115 colloidal silica 
marketed by NALCO Chemical Cor?, of 4 millimicron size particles 
containing 15% solids. Forty pounds of this solution was mixed with 
1.25 lbs. of western bentonite. The resulting binder was sprayed in 
a 30% binder 70% aiumina-silica-zirconia fiber ratio by weight and 
cured at 1000T. A 12 lb/ft 3 composite material resulted having 
good integrity. 

Binder was a mixture of the chromium aluminum phosphate 

binder matrix with bentonite clay and boric acid in the most 
preferred formulation previously disclosed. This binder concentrate 
was diluted A to 1 by volume with water and sprayed with alumina- 
silica-zirconia fiber in a ratio of 14% binder to 8c% fiber by 
weight. This composite was then cured at 100C*F end produced a 12 
lb/ft" 3 material. 
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3inder U3 was a mixrure of 1/2 lb. colloidal alumina, 2 
lbs. of -325 mesh Al^ particles and 1 1/4 lbs. bentonite in 40 
lbs. of water. This binder concentrate was sprayed with 
alumina-si lica-zirccni a fibers in a ratio of 4C7. binder to 607, 
5 fiber. The resulting material was cured at 100C°F and produced a 
material which did not adhere well to the brick substrate and did 
not produce material or sufficient integrity to allow density to be 
accurately measured. 

Binder #4 was a mixture of 11 lbs. of Kaolin Clay, 3/4 lbs. 
10 western bentonite and 30 lbs. of water. This binder mixture was too 
viscous to be sprayed. 

Binder U5 was a mixture of the chromium aluminum phosphate 
binder matrix with bentonite clay and boric acid in the aost 
preferred formulation previously disclosed. This binder concentrate 
15 was diluted 10 to 1 by volume with water and sprayed in equal 

amounts by weight with alumina-silica-zirconia fiber. The resulting 

3 

material was cured at 100CT and produced a material of 15 lb/ft 
density. 

Binder #6 was a mixture of the chromium aluminum phosphate 
20 binder matrix with the bentonite clay and boric acid in the most 
preferred f orumulat ion previously disclosed. This binder 

concentrate was diluted 15 to 1 by volume with water and sprayed in 
a ratio of 45^ binder to 55?. alumina-s ilica-zirccnia fiber by 
weight. The resulting material w»s cured at room temperature and 
25 produced a material of 13 lbs/ft" density. 

Binder #7 was a mixture of the chromium aluminum phosphate 
binder matrix with bentonite clay and boric acid in the most 
preferred formulation previously disclosed. This binder was diluted 
15 to 1 by volume with water and sprayed in a ratio of 267. binder to 
30 64^ alumina-silica-zirconia fiber by weight. The resulting material 
was cured at 1000*? but did not produce a material of sufficient 
integrity to obtain a density measurement. 

Binder #8 was the colloidal silica binder disclosed as 
binder f/1 without the bentonite clay. The binder was sprayed in a 
35 607. binder to 4C* fiber ratio by weight with 
alumina-silica-zirconia fibers. The resulting material was cured at 
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1000'F but did not produce a material of sufficient integrity to 
obtain a density measurement due to binder migration. 

Binder #9 was a mixture of bentonite clay and water in a 
ratio by weight of 10% bentonite to 90 7. water. This binder did not 
bond with the alumina-silica-zirconia fiber. 

A comparison of characteristics of the binder formulations 
is given below: 



10 



Binder 
Tacky 



Integrity with 
Fibers after 
Curing 



Binder 
Migration 



Binder £1 



Yes 



Good 



seme 



15 



Binder P2 



Yes 



rair 



Very 
lit-tle 



20 



Binder #3 



Binder £4 



Binder #5 



Yes 



Yes 



Yes 



Fair 

Unknown 

Excellent 



Some 

Unknown 

Very 
lifctle 



25 



Binder #6 



Yes 



Excellent 



Very 
little 



30 



Binder #7 Yes 
Binder #8 No 



Fair 
Poor 



Unknown 

Very 
heavy 



Binder #9 



Yes 



None 



Unknown 



25 



A comparison of shrinkage between the materials of binders 
*1. 2, 3, 5, and 6 was made with each other and with the fiber 
alone. After being exposed to a temperature of 24O0T for four 
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hour- the binder - fiber composites exhibited the following 
shrinkage characteristics: 

Shrinkage (%) 

Binder &1 2.6 

Binder #2 1.5 

Binder #2 1.6 

Binder 7/5 1.6 

Binder *6 1.4 

Fiber alone 2.0 



From rhe abcve it can be seen that composites foraed from 
the mort preferred binder concentrate formulation of binder #2, 5 
and 6 exhibited less shrinkage than the fiber alone. While binder 
#2 exhibited low shrinkage, the specific binder formulation 

15 exhibited only fair bonding characteristics . 

A comparison of curing temperatures was made for binder 
#5. That is, the material made under binder formulation #5 was 
cured at 250°F, 350°F and 450*F. Each material was then placed in a 
90% humidity chamber for 72 hours with the following results: the 

20 material cured at 250°F received 31% added moisture and was wet and 
soft suggesting incomplete curing; the material cured at 350°F 
received IS* added moisture and was somewhat wet and soft, but was 
marginally acceptable; and the material cured at 45C°F received 13% 
added moisture and was hard and held its integrity. Thus the curing 

25 temperature has a lower limit of about 35CTF with a preferred curing 
temperature of about 450°F or more. 

In order to determine the preferred limits of dilution and 
binder to fiber ratio for the most preferred chromium aluminum 
phosphate binder, the formulations of binders #2 , 5, 5 and 7 were 

20 tested. The fiber-binder composite materials were compared with 
respect to the weight ratio of the original binder concentrate to 
fiber weight ratios in light of the integrity observed in the 
resulting material. The ratio of the weight of binder concentrate 
to fiber was A. 86% for binder «2; 14 .52% for binder #5; 8.33% for 

35 binder #6; and 5.72% for binder #7. The materials produced by 
binders #5 and 6 had excellent integrity while the material from 
binders ?;2 and 7 had fair integrity. This suggests that the 
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preferred binder concentrate to fiber weight rrt ic should be at 
least 6V Thus, the binder dilution and diluted binder to fiber 
weight ratio should be adjusted accordingly. 

While the invention has been disclosed with respect to 
5 preferred embodiment thereof, it is not to be so limited as changes 
and modifications may be made which are within the full intended 
scope of the invention as defined by the appended claims. For 
example, as shown in Figs- 2 and 5, various geometric configurations 
of the spray gun may be employed so as to direct the path of the 

10 fibers to a specific application* In addition, various diluents rsay 
be used as the carrier for the binder concentrate. While chromium 
aluminum phosphate with bentonite clay has been disclosed as the 
preferred binder, other binders employing a temperature resistant 
clay such as xnon tutor i lion ite, or plastic ball clays containing 

15 montmorillonite clay in quantities sufficient to ensure a tacky 
inorganic binder, may be employed. Finally, while the inventive 
method is disclosed with reference to spraying refractory fibers, 
any fiber such as fiberglass, mineral wool, or other suitable fibers 
may be utilised with the disclosed method. Combinations of these or 

20 different refractory fibers could also be employed to produce a 
stratified furnace lining which is extremely cost effective. In 
addition, the spraying of a binder with particulate matter such as 
various metallic oxides could be employed to provide a particularly 
heat resistant surface over the sprayed fiber-binder layer. 
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What is claimed is: 

1. K method for applying a layer of fibers to a surface 
comprising the steps of: 

directing a stream of said fibers toward said surface; 

costing said directed fibers with a tacky inorganic 
binder during said step of directing such that 
raid fibers adhere to one another and to said 
surface; and 

curing said coated fibers. 

2. Method according to Claim 1 wherein said fibers include 
refractory fibers. 

3. Method according to Claim 1 further including the step 
of diluting said inorganic binder prior to said step of directing. 

4. Method according to Claim 1 further including the step 
of compressing said binder coated fiber layer to a desired density 
prior to said step of curing. 

5. Method according to Claim 1 wherein said stsp of curing 
includes exposing a face of said fiber layer opposite to said 
surface to a temperature of at least 350°F. 

6. Method of Claim 1 wherein said step of coating said 
fibers occurs as said fibers are directed from a spray gun. 

7. Method according to Claim 1 wherein said binder is 
sprayed into said fiber stream. 

8. Method according to Claim 1 wherein said binder 
includes a suspension of colloidal particles, the oxide of which 
will not act as a fluxing agent to alumina silica fibers at 
temperature above 1500°F. 

«9. Method according to Claim 1 wherein said binder 
includes a phosphate compound and montmorillonite clay. 

10. Method according to Claim 1 further including the step 
of spraying said binder onto said surface prior to said step of 
directing. 

11. A method for producing a layer of fibers comprising 
the steps of: 
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directing said fibers i: a sirsii* ssnf izSAtt&J'* * 
directing a tacky inorganic binder into said stream 

configuration so as to coat said fibers with said 
binder causing said fibers to adhere to one 
another; and 
curing said coated fibers. 

12. Method according to claim 1 further including the step 
of t prior to curing said coated fibers: 

directing a stream of particulate material such as a 
metal oxide toward said coated fibers; and 

coating said particulate material with said binder 
during said step of directing such that said 
coated particulate material adheres to one 
another and to said coated fibers. 

13. A refractory binder comprising: 
a phosphate matrix; and 

a tackifying agent in intimate admixture with said 
phosphate matrix. 

14. Binder according to Claim 13 wherein said tackifying 
agent is montmor i lion i te clay. 

15. Binder according to Claim 13 wherein said tackifying 
agent is bentonite clay. 

16. Binder according to Claim 13 further including a 
fluxing agent. 

17. Binder according to Claim 13 further including a metal 
oxide selected from the group consisting of alumina, magnesium or 
silica. 

IS. Binder according to Claim 16 wherein said fluxing 
agent is boric acid. 

19. Binder according to Claim 13 further including a 
chromium compound. 

20. Binder according to Claim 19 wherein said chromium 
compound is chromic oxide. 

21. A refractory binder comprising by weight percent: 
chromium compound i_ 2* 
phosphoric acid 75-85% 

hydrated alumina 10-207. 
tackifying agent 1- 57. 
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22- A refractory binder according to Claim 21 further 
including, up to 5~ by weight percent of a fluxing agent. 

23. A refractory binder according to Claim 21 wherein said 
tackifying agent includes montmorillonite clay. 
5 24. A refractory binder comprising: 

a suspension of colloidal particles the oxide of which 
will not act as a fluxing agent to alumina silica 
fibers at temperatures above 1500*F; and 
a tackifying agent in intimate admixture with the said 
10 suspension, 

25. Binder according to Claim 24 wherein said colloidal 
suspension particles are selected from a group consisting of 
alumina, silica, or zirconia. 

26. Binder according to Claim 24 wherein said tackifying 
15 agent includes a montmorillonite clay. 

27. Method for making a refractory binder comprising the 

steps of: 

stirring a phosphate - tackifying agent mixture; 
heating said mixture to at least approximately 100*7; 
20 adding hydratcd alumina to said mixture; and 

heating said hydrated alumina-phosphate-tackif ying 
agent to at least approximately 1S0°F. 
23. Method according to Claim 21 further including the 
step of adding a chromium ccmpcund to said mixture. 
25 29. Method according to Claim 2 7 further including the 

step of adding a fluking agent to said phosphate-tackif ying mixture. 

30. Method according to Claim 27 wherein said tackifying 
agent includes montmorillonite clay. 

31. Method according to Claim 29 wherein said fluxing 
2C agent is bcric acid. 

32. Method for making a refractory binder comprising the 
step cf reacting a colloidal suspension of particles selected from 
among the group consisting cf alumina, silica or zirconia with a 
tackifying agent. 

35 33. Method according to Claim 32 wherein said tackifying 

agent is montmorillcni te clay, 
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34. A refractory material corapricin*: 0142715 
a plurality of refractory fibers; and 

a phosphate-tackifying agent mixture. 

35. Material according to Claim 34 wherein said 
tackifying agent includes nontmorillonite clay. 

36. Material according to Claim 34 wherein said mixture 
further includes a chromium compound. 

37. Material according to Claim 34 wherein said mixture 
further includes a fluxing agent. 

38. Material according to Claim 37 wherein said fluxing 
agent is boric acid. 

39. Material according to Claim 34 wherein said mixture 
further includes alumina. 

40. A refractory material comprising: 
a plurality of refractory fibers; and 
a binder including: 

a suspension of colloidal particles the oxide of 

which will not act as a fluxing agent to said 
refractory fibers at temperatures above 1500**F; 
and 

a tackifying agent in intimate admixture with 
said suspension. 

41. Material according to Claim 40 wherein said colloidal 
suspension particles are selected from a group consisting of 
alumina, silica, or zirconia. 

42. Material according to Claim 40 wherein said tackifying 
agent includes montmorillonite clay. 

43. In a spray gun for directing a stream of moving 
material including a feed line for confining said stream of moving 
material in a predetermined configuration and at least one outside 
spray nozzle located on said spray gun for directing a stream of 
binder onto the outside of said stream of moving material, the 
improvement comprising: 

at least one inside spray nozzle located within said moving 
stream. 
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44. A spray gun comprising: 

a feed line for directing a stream of moving material in a 

predetermined path; 
a deflector located within said feed line for configuring 

said moving stream of material in an annular path; 
at least one spray nozzle connected to said spray gun 

outside of said annular path; and 
at least one spray nozzle located on said spray gun inside 

of said annular path. 
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